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SEMICONDUCTOR DEVICE HAVING AN 
IMPROVED CONNECTION ARRANGEMENT 

BETWEEN A SEMICONDUCTOR PELLET 
AND BASE SUBSTRATE ELECTRODES AND 
A METHOD OF MANUFACTURE THEREOF 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor device 
and a method of manufacture thereof and more particularly 
to a technology effectively applied to a semiconductor 
device and a method of manufacture thereof, the device 
having a structure in which a semiconductor pellet is 
mounted on a pellet mounting area on the main surface of a 
base substrate and in which a first electrode pad on the back 
of the base substrate is electrically connected to an external 
terminal on the main surface of the semiconductor pellet- 

A semiconductor device with a ball grid array (BGA) 
structure has been introduced as a semiconductor device 
having a high level of integration in the Nikkei Electronics. 
Feb. 28. 1994, pp. 111-117. published by Nikkei McGraw- 
Hill- The BGA structure of such as semiconductor device, as 
shown in FIG- 1* (cross section of an essential part), has a 
semiconductor pellet 2 mounted on a pellet mounting area of 
the main surface of the base substrate 1 and a plurality of 
bump electrodes 4 arranged in grid on the back of the base 
substrate 1 opposite the main surface. 

The base substrate 1 may be made from a printed wiring 
board of two-layer wiring structure. Second electrode pads 
1A are arranged in a peripheral area of the main surface of 
the base substrate 1 (around the pellet mounting area), while 
first electrode pads IB are arranged on the back of the base 
substrate 1 opposite the main surface. The second electrode 
pads 1A are electrically connected to through-hole conduc- 
tors IC via conductors 1A, arranged on the main surface of 
the base substrate 1. The first electrode pads IB are electri- 
cally connected to the through-hole conductors 1C via 
conductors IB, arranged on the back of the base substrate 1. 

The semiconductor pellet 2 may comprise mainly a semi- 
conductor substrate 2B of single-crystal silicon. On the main 
surface of the semioonductor substrate 2B (device forming 
surface) is formed a logic circuit system, a memory circuit 
system ox a combination of these. A plurality of bonding 
pads 2A are arranged on the main surface of the semicon- 
ductor substrate IB. The bonding pads 2A are formed in the 
top of the interconnect layers formed on the main surface of 
the semiconductor substrate ZB. 

The bonding pads 2A on the semiconductor pellet 2 are 
dectricafly connected to the second electrode pads 1A on the 
main surface of the base substrate 1 through bonding wires 
*. fj, other words, the bonding pads 2A on the semiconductor 
pellet 2 are electrically connected to (be first electrode pads 
IB through the bonding wires 6. second electrode pads 1A. 
conductors 1 A , . through-hole conductors IC and conductors 
IB,. 

The semiconductor pellet 2 and the bonding wires 6 are 
sealed with a resin sealing body 7 formed on the main 
surface of the base substrate 1. The resin sealing body 7 is 
formed by transfer molding. 

The bump electrodes 4 are electrically and mechanically 
connected to the surfaces of the first electrode pads IB on 
the base substrate L The bump electrodes 4 may be formed 
from an alloy mainial. such as Pb-Sn. 

The semiconductor device of such** BGA structure is 
mounted on a mounting board, with the bump electrodes 4 
electrically and mechanically connected to electrode pads 
arranged on the mounting surface of the mounting board. 
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Another example of semiconductor device having a high 
circuit density is disclosed in VS. Pat. Sex. No. 5148265. 
which shows a semiconductor device in which the base 
substrate is made from a filmlike flexible substrate. In this 
semiconductor device, the semiconductor pellet is mounted, 
with its main surface downward, on the pellet mounting area 
of the main surface of the base substrate made of a flexible 
substrate, and the bonding pads arranged on me main surface 
of the semiconductor pellet are electrically connected to the 
second electrode pads arranged on the back of the base 
substrate through the bonding wires. The second electrode 
pads on the base substrate are electrically connected to the 
first electrode pads on the back of the base substrate through 
conductors that are also arranged on the back. Bump elec- 
trodes are electrically and mechanically connected to the 
surfaces of the first electrode pads. 

The semiconductor device of the above construction is 
mounted on the mounting surface of a mounting board, with 
its bump electrodes electrically and mechanically connected 
to the electrode pads arranged on the mounting surface of the 
mounting board. 

SUMMARY OF THE INVENTION 

In the semiconductor device with the BGA structure, as 
shown in FIG. 16. the second electrode pads 1A arranged on 
the main surface of the base substrate 1 are electrically 
connected through the through-hole conductors 1C to the 
first electrode pads IB arranged on the back of the base 
substrate 1. The through-bole conductors 1C comprises a 
hole area formed within a through- hole in the base substrate 

1 and a land area (fringe portion) formed on the main surface 
and back surface of the base substrate 1. The inner diameter 
of the through-hole may be around 03 mm and the outer 
diameter of the land area of the through-hole conductor 1C 
may be about 0.6 mm. The inner diameter of the through- 
hole and the outer diameter of the land area of the through- 
hole conductor 1C are set large compared to the widths of 
the conductors lA t electrically connecting the second elec- 
trode pads 1A and the through-hole conductors 1C and also 
compared to the widths of the conductors IB, electrically 
connecting the first electrode pads IB and the through-hole 
conductors 1C 

The circuit systems formed on the typical semiconductor 
pellets 2 have tended to grow in their level of integration and 
the lumber of functions they perform. With enhanced inte- 
gration and more diversified functions of the circuit system, 
the number of bonding pads 2A of me semiconductor pellet 

2 and the number of second electrode pads 1A of the base 
substrate 1 increase. That is. the a umber of through-hole 
conductors 1C electrically connecting the second electrode 
pads 1A and the first electrode pads IB increases as the 
integration and function of the circuit system are enhanced. 
Hence, there has been a problem that the external size of the 
base substrate 1 increase with the increasing number of the 
through-hole conductors 1C. which in turn increases the size 
of the semiconductor device as a whole. 

There is also another problem which the inventors have 
considered. The intervals between the through-hole conduc- 
tors formed by copper fofl thick film printing, etching or 
electroplating techniques are greater than the intervals of the 
bonding pads of the semiconductor pellet formed by pho- 
tolithography. For this reason, in a semiconductor device 
with the BGA structure, as the number of the through-hole 
conductors IC increases, they are positioned outwardly 
away from the semiconductor pellet 2. This inevitably 
extends the length of the conductors 1A, electrically too- 
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ncctiiig the second electrode pads 1A and the through-hole 
conductors 1C and the length of the conductors IB,, elec- 
trically connecting the first electrode pads IB and the 
through-hole conductors 1C. This, in turn, increases induc- 
tance and reduces the operating speed of the semiconductor 
device. 

In the semiconductor device using a flexible substrate for 
the base substrate, the flexible substrate may for example be 
formed of a polyester film or polyimide film. This flexible 
substrate has a small Young's modulus and is soft (low 
hardness) compared with a rigid substrate impregnated with 
epoxy resin or polyimide resin, as represented by the FR4 
substrate according to the NEMA Standard. Therefore, when 
the bonding pads arranged on the main surface of the 
semiconductor pellet are connected with the second elec- 
trode pads arranged on the back of the base substrate through 
boading wires, the bonding force applied to the second 
electrode pads is absorbed by the base substrate, preventing 
the bonding force and ultrasonic vibrations from being 
transmitted to the second electrode pads effectively. This 
gives rise to an apprehension that the connection strength 
between the bonding wires and the second electrode pads 
may decrease, leading to connection failures of bonding 
wires and reduced electric reliability of the semiconductor 
device. 

In semiconductor devices that use a flexible substrate for 
the base substrate, the flexible substrate has a large thermal 
cxpansioD coefficient in the planar direction and a small 
Young's modulus (small rigidity), which means that it is 
easy to bend, compared with the rigid substrate. Therefore, 
when the semiconductor device is mounted on the mounting 
surface of the mounting board, the reflow heat used during 
the process of mounting cause* deformations to the base 
substrate, such as warping and twisting, which in turn 
reduces the flatness of the back of the base substrate with 
respect to the mounting surface of the mounting board, 
thereby lowering the mounting precision of me semicon- 
ductor device. 

An object of this invention is to provide a technology that 
allows a reduction in the size of the semiconductor device. 

Another object of this invention is to provide a technology 
that allows an increase in the operating speed of the semi- 
conductor device. 

Still another object of this invention is to provide a 
technology that can enhance electric reliability of the semi- 
conductor device. 

A further object of this invention is to provide a technol- 
ogy that can enhance mounting precision of the semicon- 
ductor device. 

A further object of this invention is to provide a manu- 
facturing technology for the semiconductor device that can 
accomplish the above objectives. 

These and other objects and novel features of this inven- 
tion will become apparent from the following description of 
this specification and the accompanying drawings. 

Representative aspects of this invention may be briefly 
summarized as follows. 

A semiconductor device io accordance with Uvention 
comprises a semiconductor pellet mounted on the pellet 
mounting area of the main surface of the base substrate, in 
which first electrode pads arranged on the back of the base 
substrate are electrically connected to the bonding pads on 
the main surface of the semiconductor pellet. The base 
substrate is formed of a rigid substrate, and its first electrode 
pads »e electrically connected to second electrode pads also 



4 

arranged on the back side of the base subtratc. The semi- 
conductor pellet is mounted, with its main surface 
downward- on the pellet mounting area of the main surface 
of the base substrate* and its bonding pads are electrically 
connected to the second electrode pads on the base substrate 
through bonding wires extending through slits formed in the 
base substrate. 

A method of manufacturing a semiconductor device is 
also provided, in which a semiconductor pellet is mounted 
on the pellet mounting area of the main surface of the base 
substrate and in which first electrode pads arranged oo the 
back of the ba»e substrate are electrically connected to the 
bonding pads on the main surface of the semiconductor 
pellet. In particular, the method includes a step of mounting 
the semiconductor pellet, with its main surface downward, 
on the pellet mounting area of the main surface of the base 
substrate made of a rigid substrate, and a step of connecting 
the bonding pads on the semiconductor pellet to the second 
electrode pads electrically connected to the first electrode 
pads of the base substrate and arranged on the back of the 
base substrate through bonding wires extending through slits 
formed in the base substrate. 

According to the above construction of this invention, the 
bonding pads of the semiconductor pellet and the first 
electrode pads of the base substrate can be electrically 
connected through the bonding wires and the second elec- 
trode pads, so it is possible to eliminate the through boles 
used to electrically connect the second electrode pads and 
the first electrode pads in prior structures. This allows the 
external size of the base substrate to be reduced by an 
amount corresponding to an area occupied by the through 
holes (land area), thus reducing the size of the semiconduc- 
tor device as a whole. 

Further, because the first electrode pads can be put closer 
to the second electrode pads by an amount corresponding to 
an area occupied by the through holes, the conductors of the 
base substrate that electrically connect the second electrode 
pads and the first electrode pads can be reduced in length As 
a result. Inductance can be reduced and the operating speed 
of die semiconductor device increased. 

Further, the rigid substrate has a higher Young's modulus 
than a flexible substrate; therefore, when the bonding pads 
arranged on the main surface of the semiconductor pellet 
and the second electrode pads arranged on the back of the 
base substrate are electrically connected by bonding wires, 
the booding force applied to the second electrode pads can 
be prevented from being absorbed by the base substrate. 
This assures effective transmission of the bonding force and 
the ultrasonic vibrations to the second electrode pads. Thus, 
the connection strength between the bonding wires and the 
second electrode pads is increased, making it possible to 
prevent connection failure of the bonding wires and to 
enhance electric reliability of the semiconductor device. 

Furthermore, the rigid substrate has a small inplane ther- 
mal expansion coefficient and a high Young's modulus 
compared with a flexible substrate, which means the rigid 
substrate is harder to bend. This prevents the base substrate 
from being deformed (warped or twisted) due to reflow heat 
produced during the process of mounting the semiconductor 
device on the mounting surface of the mounting board. This 
ensures a sufficient flatness of the back of the base substrate 
with respect to the mounting surface of the mounting board, 
thus enhancing the mounting precision of the semiconductor 
device. 

According to the above-mentioned manufacturing method 
of this invention, the bonding pads of the scmicond actor 
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pellet and the first electrode pads of the base substrate arc 
electrically connected through bonding wires and second 
electrode pads, so the through holes electrically connecting 
the second electrode pad 4 and the first electrode pads can be 
eliminated, making it possible to use a base substrate 
reduced in external size by an amount corresponding to the 
occupied area of the through holes. This in turn allows the 
manufacture of reduced-size serai conductor devices. 

Further, because the bonding pads of the semiconductor 
pellet and the first electrode pads of the base substrate are 
electrically connected through bonding wires and second 
electrode pads, the through holes electrically connecting the 
second electrode pads and the first electrode pads can be 
eliminated, making it possible to use a base substrate whose 
conductors electrically connecting the second electrode pads 
and the first electrode pads are reduced by a length corre- 
sponding to the occupied area of the through holes. This in 
turn allows the manufacture of semiconductor devices with 
faster operating speeds. 

The base substrate uses a rigid substrate having a high 
Young's modulus compared with a flexible substrate; 
therefore, when the bonding pads arranged on the main 
surface of the semiconductor pellet and the second electrode 
pads arranged on the back of the base substrate are electri- 
cally connected by bonding wires, the bonding force applied 
to the second electrode pads can be prevented from being 
absorbed by the base substrate, ensuring effective transfer of 
the bonding force and ultrasonic vibrations to the second 
electrode pads. This enhances the connection strength 
between the bonding wires and the second electrode pads, 
allowing the manufacture of the semiconductor device with 
high electric reliability- 

Furthcrraore. the base substrate used is formed of a rigid 
substrate having a small planar thermal expansion coeffi- 
cient and a high Young's modulus compared with those of 
a flexible substrate, which means the rigid substrate is harder 
to bend. As a result, the rigid base substrate is free from 
de formations (warping or twisting) due to reflow heat during 
the process of mounting the semiconductor device on the 
mounting surface of the rnountug board. As a result, a 
sufficient degree of flatness of the back of the base substrate 
with respect to the mounting surface of the mounting board 
can be secured, which in turn allows the manufacture of 
semiconductor devices with high mounting precision. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a plan view of the main surface side of the 

semiconductor device, as a first embodiment of this 

invention, that employs a BGA structure; 

FIG. 2 is a cross section taken along the line A — A of FIG. 

1: 

FIG. 3 is an enlarged cross section of an esscatial part of 
FIG. 2; 

FIG. 4 is an enlarged plan view showing the stale of the 
back side of an essential part of the semiconductor device 
with the resin sealing body removed; 

FIG. 5 is a cross section snowing an essential part of a 
molding die for the resin sealing body of the semiconductor 
device; 

FIG. 6 is a cross section showing the method of manu- 
facturing the semiconductor device; 

FIG. 7 is a cross section of an essential part of the 
semiconductor device showing the method of manufacture 
thereof; * 0 

FIG. 8 is a cross section of an essential part of the 
semiconductor device showing the method of manufacture 
thereof; 
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FJQ. 9 is a cross section of an essential part of the 
semiconductor device showing the method of manufacture 
thereof; FK3 10 is a cross section showing an essential part 
of the semiconductor device mounted on a mounting board; 

FIG. 11 is a cross section showing a variation of the 
semiconductor device; 

FIG. 12 is a cross section of the semiconductor device, as 
i second embodiment of this invention, that employs the 
BOA structure; 

FIG. 13 is an enlarged plan view showing the state of the 
back side of an essential part of the semiconductor device 
with the resin sealing body removed; 

FIG. 14 is a plan view showing the state of the back side 
of an essential part of the semiconductor device, as a third 
embodiment of this invention, that employs the BGA struc- 
ture with the resin sealing body removed; 

FK3. 15 is a plan view showing the state of the back side 
of an essential part of the semiconductor device, as a fourth 
embodiment of this invention, that employs the BGA struc- 
ture and is removed of the resin sealing body removed; and 

FIG. 16 is a cross section showing an essential part of the % 
semiconductor device that employs the conventional BGA 
structure. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
The construction of this invention is described in the 
following in conjunction with embodiments that apply this 
invention to a semiconductor device using the BGA struc- 
ture. 

In the drawings used for explaining me embodiments, 
components with identical functions are given like reference 
numerals and their explanations are not repeated. 

Embodiment 1 

The outline construction of a semiconductor device, as a 
first embodiment of this invention, that uses the BGA 
structure is shown In FIG. 1 (plan view of the main surface 
side). FIG. 2 (cross section taken along the line A — A of 
FIG. 1). FIG. 3 (enlarged cross section of an essential part 
of FIG. 2) and FIG. 4 (enlarged plan view showing the back 
side of an essential part of the semiconductor device with the 
resin iwUng body removed). 

As shown in FIGS. 1. 2. 3 and 4. the semiconductor 
device has a semiconductor pellet 2 mounted on a pellet 
mounting area of the main surface of a base substrate 1. with 
a plurality of bump electrodes 4 arranged in grid on the back 
of the base substrate 1 opposite the main surface. 

The base substrate 1 may be formed of a printed circuit 
board. The printed circuit board may. for example, have a 
structure in which wiring is formed over the surface of a 
rigid substrate of glass fiber impregnated with epoxy re si a. 
polyimidc resin or maleimide resin. In other words, the base 
substrate 1 is formed of a rigid substrate. The rigid substrate 
has a high Young's modulus and is hard compared with a 
flexible substrate made of polyester film or polyimidc fflm. 
The rigid substrate has a small thermal expansion coefficient 
in a planar direcUoa. a high Young's modulus and is difficult 
to bend compared with the flexible substrate. For example, 
the rigid substrate made of a glass fiber impregnated with 
cpoxy resin or polyimidc resin has a Young's modulus of 
around 16-22 GPa and a thermal expansion coefficient of 
about 10-20x10"* 1/° C. Flexible substrates made of poly- 
ester film or poryimide film have • Young's modulus of 
about 2-5 GPa and a thermal expansion coefficient of about 
20-25x10^1/° C 
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On the back of the base substrate 1 are formed a plurality 
of second electrode pads 1A and first electrode pads IB. 
which are electrically interconnected through conductors 
IB! on the back of the base substrate 1. The second electrode 
pads 1A. first electrode pads IB and conductors lBj are 
formed of a Cu film, for example. 

On the surfaces of the first electrode pads IB are formed 
bump electrodes 4 that are electrically and mechanically 
connected to them. The bump electrodes 4 may be formed 
of. for instance, a Pb-Sn alloy. 

The semiconductor pellet 2 is mounted, with its main 
surface (underside in FIG. 2 and 3) downward, on the pellet 
mounting area of the main surface of the base substrate 1. 
Thai is. the semiconductor pellet 2 is mounted facedown on 
the pellet mounting area of the main surface of the base 
substrate 1. Interposed between the main surface of the 
semiconductor pellet 2 and the pellet mounting area of the 
main surface of the base substrate 1 is an insulating layer 3. 
which may be formed of a potyimtde-. cpoxy- or silicon- 
base low-elasticity resin. 

The semiconductor pellet 2 may be rectangular and may 
mainly be comprised of a semiconductor substrate 2B made 
of single-crystal silicon. On the main surface (device form- 
ing surface) of the semiconductor substrate 2B are formed a 
logic circuit system, a memory circuit system or a combi- 
nation of these. Also on the main surface of the semicon- 
ductor substrate 2B. a plurality of bonding pads 2A are 
arranged along the sides of the rectangular surface. The 
bonding pads 2A are formed on the top of interconnect 
layers on the main surface of the semiconductor substrate 
2B. That is. the bonding pads 2A are arranged in the 
periphery of the main surface of the semiconductor pellet 2 
along each of the four sides. 

The bonding pads 2A of the semiconductor pellet 2 and 
the second electrode pads 1A of the base substrate 1 are 
electrically connected to each other through bonding wires 
6 running in slits 5 formed in the base substrate 1. The 
bonding wires 6 may be of gold (AU). copper (Cu) or 
aluminum (Al). and may be coated with in s u l a tin g resin. The 
bonding wires 6 may be connected by a bonding method that 
utilizes ultrasonic vibrations in combination with thermo- 
compressioo. 

The slits 5 in the base substrate 1 arc formed in (he 
directions of the rows of the bonding pads 2A that are 
arranged along each side of the main surface of the semi- 
conductor pellet 2. That is. the base substrate 1 of this 
embodiment has four slits 5. each of which is located above 
the bonding pads 2A of the seroicoaductor pellet 2. 

The second electrode pads 1 A of the base substrate 1 are 
placed in both areas of the back of the base substrate 1 
divided by the slits 9. The second electrode pads LA located 
in one of the areas of the back of the base substrate 1 
demarcated by the slits 5 (inside the semiconductor pellet 2) 
are supplied with a power supply such as an operation 
voltage (3.3 V for instance) and a reference voltage (0 V for 
instance). The second electrode pads 1A located in the other 
area of the back of the base substrate 1 demarcated by the 
slits 5 (outside the semiconductor pellet 2) receive a signal 
such as an input/output signal and a control signal. 

The semiconductor pellet 2 are provided with 100 bond- 
ing pads 2A on each side at a pitch of about 100 urn. The 
number of bonding pads 2A is increased as the level of 
integration and the operating speed xg the circuit system 
mounted on the semiconductor pellet 2 increase. 

The first area of the back of the base substrate I demar- 
cated by the slits 5 is provided with, for example. 50 second 
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electrode pads 1 A for each side of the semiconductor pellet 
2; and the second area is provided with, for instance. 50 
second electrode pads IA for each side of the semiconductor 
pellet 2. Because the second electrode pads 1A cannot be 
marir as small as the bonding pads 2A of the semiconductor 
pellet 2. the pitch of the secood electrode pads 1A is set 
wider than that of the bonding pads 2A. for instance, at 
around 200 urn. That is. because the second electrode pads 
LA of the base substrate 1 are arranged in two rows for each 
side of the semiconductor pellet 2. the length of the second 
electrode pads 1A corresponding to one side of the semi- 
conductor pellet 2 can be made almost equal to that of the 
boo ding pads 2A arranged along one side of the semicon- 
ductor pdlet 2 even if the pitch of the second electrode pads 
1A of the base substrate 1 is set to two tunes that of the 
bonding pads 2A of the semiconductor pellet 2. 
Furthermore, me second electrode pads LA of the base 
substrate L can be located at positions facing the correspond- 
ing bonding pads 2A of the semiconductor pellet 2. 

The peripheral area of the main surface of the base 
substrate L excluding the pellet mounting area is covered 
with a resin scaling body 7, which seals the bonding wires* 
it. That is. the resin sealing body 7 is formed on the main 
surface side and the back surface side of the base substrate 
L. The resin scaling body 7 is made from epoxy resin 7 A 
containing a phenol-base hardener, silicone rubber and filler 
for reducing stresses. 

The back of the base substrate I facing the main surface 
of the semiconductor pdlet 2 is exposed from the resin 
sealing body 7 thai covers the peripheral area of the base 
substrate 1. 

The resin sealing body 7 is formed by the transfer molding 
that uses a molding die It shown in FIG. 5 (cross section of 
an essential part). The molding die 19 has a cavity 11 defined 
by an upper die 1©A and a lower die 10B. an inflow gate 13 
connected to the cavity 11. and. though not shown, a pot and 
a runner. The pot communicates with the cavity 11 through 
the runner and the inflow gate 13. 

The cavity 11 comprises a recess 11 A formed in the upper 
die 10A and a recess 11B formed in the lower die ltB. The 
resin 7 A is supplied into the recess llAfrom the pot through 
the runner and the inflow gate 13. The base substrate 1 is 
placed in the recess LIB. 

The recess 11B is formed with recesses 12. which are 
located at positions facing the slits 5 of the base substrate 1 
and which extend in the same directions as the slits S. Placed 
in the recesses 12 are a part of bonding wires 6 electrically 
connecting the bonding pads 2A of the semiconductor pellet 
2 and the second electrode pads LA of the base substrate 1. 
and also the second electrode pads 1A of the base substrate 
1. The resin 7A is supplied from toe recess 11A through the 
slits 5 of the base substrate 1 into the recess LLA. 

Though not shown in FIG- 12. the recesses 12 arc pro- 
vided with a gas vent to prevent voids due to bubbles. 

Next, the method of nuumfacturing the above-mentioned 
semiconductor device is described by referring to FIGS. * 
through FIG. 9. 

First a base substrate 1 made of a rigid substrate is 
prepared. The base substrate 1 includes slits 5 as well as 
second electrode pads LA. first electrode pads IB and 
conductors IB, on its back. 

Next as shown in FIG. 6 (cross section), the semicon- 
ductor pellet 2 is mounted on the pellet mounting area of the 
main surface of the base substrate 1. The semiconductor 
pellet 2 is fixed to the pellet mounting area of the main 
surface of the base substrate 1 through an insulating layV 3. 
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Next, the base substrate 1 is mounted oq a boo ding stage 
(beat block) 14 with the semiconductor pellet 2 at the 
bottom. The bonding stage 14 has a recess 14 A that accom- 
modates the semiconductor pellet 2. The base substrate 1 
and the semiconductor pellet 2 are heated to about 200° C. 
on the bonding stage 14. 

Next, as shown in FIG. 7 (cross section of an essential 
part), the bonding pads 2A arranged on the main surface of 
the semiconductor pellet 2 and the second electrode pads 1A 
arranged on the back of the base substrate 1 are electrically 
connected by the bonding wires 6. The bonding wires 6 
running in the slits 5 are connected to the bonding pads 2A 
of the semiconductor pellet 2 and to the second electrode 
pads LA of the base substrate 1. The connection of the 
bonding wires 6 is accomplished by ultrasonic therroocom- 
pression bonding. In this process, the base substrate 1 is 
made from a rigid substrate with a high Young's modulus 
compared with the flexible substrate used in conventional 
structure, so that the bonding force applied to the second 
electrode pads 1A is prevented from being absorbed by the 
rigid base substrate 1. thus allowing the bonding force and 
the ultrasonic vibrations to be transferred effectively to the 
second electrode pads 1A. Further, because the base sub- 
strate 1 Is made of a rigid substrate that has a smaller thermal 
expansion coefficient in the planar direction than that of a 
flexible substrate and a higher Young's modulus — which 
means it is harder to bend — it is possible to reduce positional 
deviations of the second electrode pads 1A and of the 
bonding pads 2A of the semiconductor pellet 2 due to 
thermal expansion of the base substrate 1. 

Then, as shown in FIG. 8 (cross section of an essential 
part), the base substrate 1 and the semiconductor pellet 2 are 
put in the cavity 11 defined by the upper die 10A and the 
lower die 10B of the molding die 10. with the base substrate 
1 fit in the recess 11B of the cavity 11. A part of the bonding 
wires 6 and the second electrode pads LA of the base 
substrate 1 are placed in the recesses 12 formed in the recess 
LIB. The molding die 10 is preheated to around 170°- 180° 
C to heighten the fluidity of the resin 7A supplied into the 
cavity 11. Because the base substrate 1 is made from a rigid 
substrate with a smaller thermal expansion coefficient in the 
planar direction than the flexible substrate and with a higher 
Young's modulus, which means the base substrate 1 is 
harder to bend, the base substrate 1 can be prevented from 
being deformed (warped or twisted) due to the beating of the 
molding die It to about 170°- 180° C during this process. 

Next, resin tablets are charged into the pot of the molding 
die 10. nothing that they are preheated by a heater to lower 
the viscosity before being charged. The resin tablets in the 
pot are heated by the molding die 10. further lowering the 
viscosity. 

The resin is then pressurized by a plunger of the transfer 
molding device, forcing the resin 7A from the pot through 
the runner and the gate 13 into the recess 11A and the 
recesses 12 of the cavity 11 to cover the peripheral area of 
the main surface of the base substrate 1. leaving the back of 
the semiconductor pellet 2 exposed. In this way. a resin 
sealing body 7 that seals the bonding wires 6 is formed. The 
resin 7A is forced into the recesses 12 through the slits 5 of 
the base substrate 1 from the recess 11A. Ia this process, die 
resin 7A supplied from the recess 11 A to the recesses 12 
through the slits 5 flows in the axial direction of the bonding 
wires 6. i.e.. in (he vertical direction, from one end side of 
the bonding wires 6. This vertical flotvof resin prevents the 
bonding wires * from being deformed whereas the horizon- 
tal flow along the surface of the base substrate 1 may deform 
them. 
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Then, the base substrate 1 is taken out of the molding die 
10. and bump electrodes 4 are electrically and mechanically 
connected to the surface! of the first electrode pads IB on 
the back of the base substrate 1. Thus, a nearly completed 
semiconductor device shown in FIG. 1. 2. 3 and 4 is 
obtained. 

After this, the semiconductor device is shipped as a 
product. The semiconductor device shipped as a product is 
mounted on a mounting surface of a mounting board 15. 
with the bump electrodes 4 of the semiconductor device 
electrically and mechanically connected to electrode pads 
15A arranged on the mounting surface of the mounting 
board 15. as shown in FIG. 10 (cross section). The connec- 
tion between the bump electrodes 4 of the semiconductor 
device and the electrode pads 15A of the mounting board 15. 
although it depends on the material of the bump electrodes 
4. may be accomplished in an atmosphere at a reflow 
temperature of. for instance, around 210°-230° C. In this 
mounting process, because the base substrate 1 Is made from 
a rigid substrate which has a smaller thermal expansion 
coefficient in the planar direction and a higher Young's 
modulus — which means it is more difficult to bend — man a, 
flexible substrate, the base substrate 1 can be prevented from 
being deformed due to reflow heat. 
This embodiment offers the following advantages. 
A semiconductor device comprises a semiconductor pellet 
2 mounted on a pellet mounting area of the main surface of 
a base substrate 1. in which first electrode pads IB arranged 
on the back of the base substrate 1 are electrically connected 
to bonding pads 2A arranged on the main surface of the 
semiconductor pellet 2. The base substrate 1 is formed of a 
rigid substrate, and its first electrode pads IB arc electrically 
connected to the second electrode pads 1A arranged on its 
reverse side. The semiconductor pellet 2 is mounted on the 
pellet mounting area of the main surface of the base sub- 
strate 1. with its main surface downward, and its bonding 
pads 2A are electrically connected with the second electrode 
pads 1A of the base substrate 1 through bonding wires 6 
passing through shU 5 formed in the base substrate 1. 
Because with this construction the bonding pads 2A of the 
semiconductor pellet 2 and the first electrode pads IB of the 
base substrate 1 can be electrically connected through the 
boo ding wires * and second electrode pads LA. it is possible 
to eliminate the through holes used to electrically connect 
the second electrode pads 1A and the first electrode pads IB. 
This in turn allows the base substrate 1 to be reduced in size 
by an amount corresponding to the occupied area of the 
through boles (land area), which contributes to size reduc- 
tion of the semicoaductor device. 

Because the first electrode pads IB can be put closer to the 
second electrode pads lAby a distance corresponding to the 
occupied area of the through holes, it is possible to shorten 
the length of the conductors IB. of the base substrate 1 that 
electrically connect the second electrode pads 1A and the 
first electrode pads IB. This reduces the inductance, increas- 
ing the operation speed of the semiconductor device. 

Further, because the rigid substrate has a higher Young's 
modulus and is harder than the flexible substrate of the 
conventional structure, the bonding force applied to the 
second electrode pads 1A is not absorbed by the base 
substrate 1 when electrically connecting the bonding pads 
2A on me main surface of the semiconductor pellet 2 and the 
second electrode pads 1A on the hack of the base substrate 
1 by the bonding wires 6. As a result, the bonding force and 
the ultrasonic vibrations are effectively transferred to the 
second electrode pads 1A. This in turn increases thcvOD- 
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ncction strength between the bonding wires 4 and the second 
electrode pads IA, preventing possible connection failures 
of the bonding wires 6. enhancing the electric reliability of 
the semiconductor device. 

Moreover, because the rigid substrate has a smaller ther- 
mal expansion coefficient in the planar direction and a higher 
Young's modulus than a flexible substrate, which means it is 
more resistant to bending, the base substrate 1 is free from 
deformations (warping and twisting) due to rcflow heat 
when the semiconductor device is mounted on the mounting 
surface of the mounting board 15. As a result, a sufficient 
degree of flatness of the back of the base substrate 1 with 
respect to the mounting surface of the mounting board 15 
can be secured, enhancing the mounting precision of the 
semiconductor device. 

Further, because the rigid substrate has a smaller thermal 
expansion coefficient in the planar direction and a higher 
Young's modulus than the flexible substrate, which means it 
is more resistant to bending, the warping of the base 
substrate 1 can be limited to less than 100 um even when the 
external size of the base substrate 1 increases with the 
increasing number of the first electrode pads IB. 

With the warping of the base substrate 1 limited to within 
100 um. it is possible to eliminate a reinforcement substrate 
intended to prevent warping of the base substrate 1. This 
reduces the manufacture cost of the semiconductor device 
compared with that of a semiconductor device having a 
reinforcement substrate. 

Furthermore, because the base substrate 1 can be formed 
of a printed wiring board of a single layer structure having 
the second electrode pads LA. first electrode pads IB and 
conductors IB, arranged only on the back of a rigid 
substrate, the parts cost of the base substrate 1 can be 
reduced compared with that of a base substrate formed of a 
two-layer printed wiring board which has circuits formed on 
both the main and back surfaces of the rigid substrate. This 
means that the overall cost of semiconductor device manu- 
facture can be lowered. 

Another feature of this embodiment is that the slits 5 
formed in the base substrate 1 extend in the directions of 
rows of bonding pads 2A arranged on the main surface of the 
semiconductor pellet 2 and are located at positions over the 
bonding pads 2A. With this construction, the slits 5 are 
arranged within the area occupied by the semiconductor 
pellet 2. so that the base substrate 1 requires no increase In 
size corresponding to the slits 5. 

A further feature of this embedment is that the second 
electrode pads 1A are arranged in two opposite areas of the 
back of the base substrate 1 divided by the slits 5. This 
construction allows an Increase in the number of power 
supply paths for electrically connecting the bonding pads 2A 
of the semiconductor pellet 2 and the second electrode pads 
1A of the base substrate 1. This in turn makes it possible to 
reduce power supply noise generated at time of simulta- 
neous switching of signals, thereby preventing malfunctions 
of the semiconductor device. 

Further, even when the pitch of the second electrode pads 
1A of the base substrate 1 is set larger than that of the 
bonding pads 2A of the semiconductor pellet 2. the length of 
the row of the second electrode pads 1A for each side of the 
semicoaductor pellet 2 can be made almost equal to the 
length of the row of the bonding pads 2Afor each side of the 
semicoaductor pellet 2. This prevent* an increase in the 
length of the bonding wires a. which is dependent on the 
length of the row of the second electrode pads IA. As a 
result, ft is possible to prevent the hooding wires * from 
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being deformed by tbe flow of resin when the bonding wire 
6 arc sealed by the resin sealing body 7 according to the 
transfer molding. 

Further, because the second electrode pads 1A can be 
located at positions on the base substrate 1 facing the 
bonding pads ZA of the semiconductor pellet 2. the lengths 
of the bonding wires 6 can be made uniform, which in turn 
makes uniform the inductances of the signal paths between 
the bonding pads 2A of the semiconductor pellet 2 and the 
second electrode pads 1A of tbe base substrate 1. 

A further feature of this embodiment is the structure in 
which the back of the semiconductor pellet 2 opposing its 
main surface is exposed from the resin sealing body 7 that 
covers the peripheral area around the main surface of (he 
base substrate I. This structure allows the heat generated by 
the operatioD of the circuit system mounted on the semi- 
conductor pellet 2 to be released from the back of the 
semiconductor pellet 2, thus enhancing the heat dissipation 
efficiency of the semiconductor device. 

Further, because the mechanical strength of the base 
substrate 1 can be reinforced by the mechanical strength of 
the resin sealing body 7. deformations of the base substrate* 
1 (warping and twisting) due to reflow heat during mounting 
can be prevented. 

A further feature of this embodiment is that the bonding 
wires 6 are sealed with the resin scaling body 7. This 
structure prevents the bonding wires 6 from being deformed 
due to external impacts and contacts, thus enha n cing the 
electric reliability of the semiconductor device. 

A soil further feature of this embodiment is that the resin 
sealing body 7 is formed both on the main surface side and 
the back surface side of the base substrate 1. This structure 
prevents the resin scaling body 7 from becoming separated 
from the base substrate 1 due to the thermal stresses gen- 
erated during a temperature cycle test or when tbe bump 
electrodes 4 are connected- This in turn enhances the reli- 
ability of the semiconductor device. 

A method of manufacturing a semiconductor device, in 
which a semiconductor pellet 2 is mounted on a pellet 
mounting area of the main surface of a base substrate 1 and 
in which first electrode pads IB arranged on the back of the 
base substrate 1 are electrically connected to bonding pads 
2A arranged on the main surface of the semkonductor pellet 
2. comprises a step of mounting the semiconductor pellet 2. 
with its main surface downward, on the pellet mounting area 
of the m»in surface of the base substrate 1 formed of a rigid 
substrate, and a step of electrically connecting the bonding 
pads 2A to the second electrode pads 1A. which are elec- 
trically connected to the first electrode pads IB of the base 
substrate 1 and arranged on the back of the base substrate 1. 
through bonding wires 6 passing through slits 5 formed in 
the base substrate 1. Tbe bonding pads 2A of the semicon- 
ductor pellet 2 and the first electrode pads IB of the base 
substrate 1 therefore are electrically connected through the 
bonding wires 6 and the second electrode pads 1A. so that 
through holes 1C used for electrically connecting the second 
electrode pads I A and the first electrode pads IB can be 
eliminated, reducing the external size of the base substrate 
1 by an amount corresponding to tbe occupied area of the 
through boles. As a result, the overall external size of the 
semi coo duct or device can be reduced. 

Further, because the bonding pads 2A of the semiconduc- 
tor pellet 2 and the first electrode pads IB of the base 
substrate 1 are electrically connected through the bonding 
wires 6 and the second electrode pads 1A. there is no need 
for through holes 1C to dectricalry connect the second 
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dedrodc pads IA with the first electrode pads IB. This 
makes it possible to use a base substrate 1 * c 
conductors 1B A electrically connecting the second electrode 
pads 1A and the first erectrode pads IB are shorter by a 
kneth corresponding to the occupied area of the through 
holes. As a resulL it is possible to fabricate a semiconductor 
device with fast operating speeds. 

Because the base substrate 1 used is formed of a rigid 
substrate having a higher Young's modulus— which means 
it is harder— than a flexible substrate, the bonding force 
applied to the bonding pads 2A when electricaUy ^connecting 
tfae bonding pads 2A arranged on the main surface of me 
semiconductor pellet 2 and the second electrode pads 1A 
arranged on the back of the base substrate 1 through the 
bonding wires 6 is not absorbed by the base substrate 1. 
effectively transmitting me bonding force and ultrasonic 
vibrations to the second electrode pads 1A. As a result, the 
connection strength between the bonding wires 6 and the 
second electrode pads 1A can be increased, whach in turn 
allows the manufacture of a semiconductor device with high 
electric reliability. 

Because the base substrate 1 is formed of i rigid substrate 
having a smaller thermal expansion coefficient in the planar 
direction and a higher Young's modulus—which means U is 
more resistant to bending—than a flexible substrate, tbebase 
substrate 1 is prevented from being deformed (warped or 
twisted) due to reflow heat during the process of nwunting 
the semiconductor device on the mounting surface of the 
mounting board 15. This allows the back surface of the base 
substrate 1 to have a sufficient degree of flatness with respect 
to the mounting surface of the mounting board 15. thus 
enhancing the mounting precision of the semiconductor 
device. 

Following the process of electrically connecting with the 
bonding wires 6. the method of manufacture includes a 
process of transfer molding of a resin sealing body 7 that 
covers the peripheral area of the main surface of the base 
substrate 1 and seals the bonding wires 6. Because the base 
substrate 1 uses a rigid substrate which has a smaller Aermal 
expansion coefficient in the planar direction and a higher 
Young s modulus and is more resistant to bending than a 
flexible substrate, this method prevents the base substrate 1 
from being deformed (warped or twisted) due to heating of 
the molding die 1*. 

Because the resin 7 A supplied from the recess 11A into 
the recesses 11 through the slits 5 flows from one end side 
of the bonding wires 6 in their axial direction, i.e.. in the 
vertical direction, the bonding wires 6 are not deformedby 
the flow of the resin 7 A- whereas they can be defcrmed when 
the resin flows along the surface of the base substrate 1. te.. 
in the Lateral direction. 

As shown in FIG. 11 (cross section), the resin sealmg 
body 7 may be formed on the back surface of the base 
substrate I excluding the surfaces of the second dectrode 
pads 1A and first electrode pads IB. In this case, the base 
substrate 1 is held and damped from both sides by thercsui 
sealing body 7 and therefore prevented from being warped. 

The base substrate 1 may. though not shown, be formed 
in a multilayer structure in which a plurality of rigid sub- 
strates are sucked together. This structure can reduce me 
manufacture cost as compared with a base substrate made up 
of a plurality of flexible substrates stacked together. 

En^xKhment 2 * 
The outline configuration of a semiconductor device as 
the second embodiment of this invention that employs a 
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BGA structure is shown in FIG. 12 (cross section) and FIG. 
13 (enlarged plan view of an essential part of the back side 
showing the state of the back side removed of the resin 
sealing body). 

As shown in FIG. 12 and 13. the semiconductor device 
has the semiconductor pellet 2 mounted facedown on the 
pellet mounting area of the main surface of the base sub- 
strate 1 with an insulating layer 3 in between. A plurality of 
bump electrodes 4 arc arranged in grid on the back of the 
base substrate 1. 

Arranged in the central area of the main surface of the 
semiconductor pellet 2 along the longer sides thereof is a 
row of bonding pads 2A. which are electrically connected to 
the second electrode pads 1A arranged on the back of the 
base substrate 1 through the bonding wires 6 passing 
through the slits 5 formed in the base substrate 1. The second 
electrode pads 1A are electrically connected to the corre- 
sponding first electrode pads IB arranged on the back of the 
base substrate 1 through conductors LB,. Bump electrodes 4 
are electrically and mechanically connected to the surfaces 
of the first electrode pads IB. That is. the bonding pads 2A 
of the semiconductor pellet 2 are electrically connected to 
the first electrode pads IB through the bonding wires ** 
second electrode pads LA and conductors lB t . 

The slits 5 of the base substrate 1 arc formed in the central 
area of the main surface of the semiconductor pellet 2 along 
the direction of the row of the bonding pads 2A arranged 
along the longer side of the semiconductor pellet 2. The slits 
5 are tapered so that its opeaiag on the back side of the base 
substrate 1 is greater than the opening on the main surface 
side. 

As described above, this embodiment offers similar 
effects and advantages to those of the first embodiment. With 
the slits 5 tapered, it is possible to prevent contact between 
the base substrate 1 and a bonding tool when one end of the 
bonding wires 6 is bonded to the bonding pads 2A of the 
semiconductor pellet 2. This in turn raises the yield of 
semiconductor device assembly is the bonding process. 

Ernbodirneat 3 

The outline configuration of a semiconductor device as 
the third embodiment of mis invention that employs a BGA 
structure is shown in FIG. 14 (plan view of an essential part 
of the back side showing the state of the back side removed 
of the resin sealing body). 

As shown in FIG. 14. the semiconductor device has a 
semiconductor pellet 2 mounted facedown on a pellet 
mounting area of the main surface of the base substrate 1. 
with an insulating layer 3 in between. Bump electrodes 4 are 
arranged in grid on the back of the base substrate 1- 

At the outer periphery of the main surface of the semi- 
conductor pellet 2. a plurality of bonding pads 2A are 
arranged along the sides of the pellet. At the central portion 
of the main surface of the semiconductor pellet 2. a plurality 
of bonding pads 2A are arranged along the longer or shorter 
side of the pellet. The bonding pads 2A are electrically 
connected to the second electrode pads LA arranged on the 
back of the base substrate 1 by bonding wires 6 passing 
through slits 5 formed in the base substrate 1. The second 
electrode pads 1A are electrically connected to first electrode 
pads IB arranged on (be back of the base substrate 1 through 
conductors 1B 4 . Bump electrodes 4 are electrically and 
mechanically connected to the surfaces of the individual first 
electrode pads IB. That is. the bonding pads 2A are elec- 
trically connected to the first electrode pads IB through the 
bonding wires 6. second electrode pads 1A and conductors 
IB,. 
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The slits 5 arc arranged at each sides of the semiconductor 
pellet 2 and also at the central portion of the pellet That is. 
the base substrate 1 of this embodiment has five si Us 5. each 
of which is located above the bonding pads 2A of the 
semiconductor pellet 2. 

As explained above, this embodiment offers the similar 
effects and advantages to those of the first embodiment 
Because the slits 5 are arranged at the sides and the central 
portion of the semiconductor pellet 2. it is possible to 
increase the number of bonding pads 2A arranged on the 
main surface of the semiconductor pellet 2 and the number 
of second electrode pads 1A arranged on the back of the base 
substrate 1. This allows an increase in the number of power 
supply paths fox electrically connecting the bonding pads 2A 
of the semiconductor pellet 2 and the second electrode pads 
1A of the base substrate 1. This is turn allows a further 
reduction in power supply noise generated when output 
signals are switched simultaneously. Furthermore, this con- 
struction makes it possible to increase the number of signal 
paths electrically connecting the bonding pads 2A of the 
semiconductor pellet 2 and the second electrode pads 1A of 
the base substrate 1 and therefore reduce the external size of 
the semiconductor pellet 2 dictated by the number of bond- 
ing pads 2A. 

Although mis embodiment has been shown to have only 
one slit 5 formed at the central portion of the semiconductor 
pellet 2, two or more slits 5 may be arranged parallelly or 
crosswise to each other at the central part of the semicon- 
ductor pellet 2. By increasing the number of slits 5 in this 
way. it is possible to further increase the number of the 
second electrode pads 1A of the base substrate 1 and the 
number of the bonding pads 2A of the semiconductor pellet 
2. 

Embodiment 4 

The outline configuration of a semiconductor device as 
the fourth enibctfiment of this invention that employs a BGA 
structure is shown in FIG. 15 (plan view of an essential part 
of the back side showing the state of the back side removed 
of the resin sealing body). 

As shown in FIG. 15. the semiconductor device has a 
semiconductor pellet 2 mounted facedown on a pellet 
mounting area of the main surface of the base substrate 1. 
with an insulating layer 3 in between. Bump electrodes 4 are 
arranged in grid on the back of the base substrate t. The base 
substrate 1 Is formed of a printed circuit board of. for 
example. 3-iaycr wiring structure. 

At the outer periphery of the main surface of the semi- 
conductor pellet 2. a plurality of bonding pads 2A are 
arranged along the sides of the pellet. The bonding pads 2A 
are electrically connected to the second electrode pads 1A 
arranged on the back of the base substrate 1 through bonding 
wires 6 pasting through slits 5 formed in the base substrate 
1. 

Of the second electrode pads 1A. electrode pads 1A, are 
formed integral with electrode plates 8A. The electrode 
plates 8LA are electrically connected to other electrode plates 
8A via through holes (not shown) and internal wiring (not 
shown) in (he base substrate 1. The electrode plates 8A is 
connected to be at a reference voltage (0 V for example). Of 
the second electrode pads 1 A. electrode pads 1A 3 are formed 
integral with an electrode plate SB. This electrode plate 8A 
is connected to be at an operating, voltage (3.3 V for 
instance). * 

With this embodiment, because the through holes 1C thai 
electrically connect the second electrode pads 1A on the 



